Many prey animals quickly learn the identity and risk level associated with unknown predators and this provides them with an immediate survival advantage. However, as time passes the information they learned about the risk level associated with the predator decreases in value. As the certainty of the information decreases, there should be a point in time when the prey should stop responding to the information. Here, we conditioned tadpoles to recognize a tiger salamander, fire belly newt, or goldfish and found that they responded to each of the 3 predators with an equal response both 1 day and 8 days postconditioning. Subsequently, we reconditioned each of the groups to recognize tiger salamanders alone and found that the duration of time for which the tadpoles responded to the tiger salamander cue was influenced by what the tadpoles learned in the past. Tadpoles conditioned twice to the tiger salamander retained their response the longest, whereas tadpoles taught goldfish and then tiger salamander responded to the tiger salamander for the least time. Those learning the newt and then the tiger salamander retained their response to the tiger salamander for an intermediate amount of time, indicating that information gained through predator generalization influences the retention of responses to predators. Our results highlight the complex algorithm used by animals to acquire, encode, and use information from their environment.
IntroductIon
Ecologists have spent considerable effort to understand how animals adjust when, where, and how they forage and reproduce in the presence of danger (Blumstein and Bouskila 1996; Lima 1998; Bell and Sih 2007; Pruitt et al. 2012 ). An obvious prerequisite for avoiding capture is that the prey recognizes potential predators as dangerous. Although distinguishing predators from nonpredators is a great first step, prey should be at a selective advantage if they can recognize the threat level posed by specific predators and adjust the intensity of their responses to match the level of threat (Helfman 1989; Puttlitz et al. 1999; . One highly underappreciated aspect of antipredator decision making is that, from the perspective of any individual prey, the threat level posed by a given predator is highly variable; the threat is dynamic both spatially and temporally ). In the short term, the predator may be hungry or not. Over longer periods, the predator may change habitats, and its likelihood of attack may be lower in a particular habitat than another. Moreover, the predator may have a preference for alternative prey. In addition to the variability caused by differences in predators themselves, the prey also changes. As prey increase in size, they may outgrow smaller predators but at the same time may become vulnerable to other predators (Chivers et al. 2008) . The prey's choice of habitat or its reproductive state could also make it more or less vulnerable to predators (Lima and Dill 1990) . Gravid or gestating animals and those that are taking care of offspring are often more vulnerable to capture (Shine 2003) . We know that many prey species are able to learn to recognize unknown predators (Mathis and Smith 1993; Griffin 2004; Brown and Chivers 2006) , but how they continually adjust their responses to account for dynamic changes in vulnerability has received little attention.
Many species of aquatic animals learn to recognize predators when they detect alarm cues paired with the sight or odor of unknown predators (Chivers and Smith 1998; Ferrari et al. 2010d ). This is a highly efficient mode of learning whereby a single conditioning event is enough to allow for learned recognition (Chivers and Smith 1994) . Perhaps what is more surprising is that animals can learn not only the identity of predators in this manner but also the relative risk level associated with unknown predator odors (Ferrari et al. 2005; . In fish and tadpoles, prey exposed to high concentrations of alarm cues learn the predator as a high threat, whereas those exposed to lower concentrations of alarm cues learn the predator as a low threat. Subsequent conditionings can then be used to further adjust the intensity of antipredator responses to the predator. For example, demonstrated that minnows conditioned multiple times incorporate more recent information into their decision making instead of averaging all pieces of information.
When prey are conditioned to recognize a particular species of predator as dangerous, they may be able to use the information they acquired to make an "educated guess" about the danger level associated with unknown predators. This would occur through the process of stimulus generalization. Indeed, there is a rich literature on stimulus generalization in the psychology literature (Honig and Urcuioli 1981; Shepard 1987; Ghirlanda and Enquist 2003) , but surprisingly this literature has only recently been applied in the context of predator recognition. In a pioneering study, Griffin et al. (2001) demonstrated that tammar wallabies (Macropus euhenii) conditioned to recognize foxes (Vulpes vulpes) as predators also responded to cats (Felis catus) but not to goats (Capra hircus). Foxes and cats share some feature in common, perhaps frontally placed eyes, which allows for generalization of the recognition. Generalization of predator recognition has also been documented in other predator-prey systems (Ferrari et al. 2007a; Stankowich and Coss 2007; Brown et al. 2011b ). In one study, wood frog tadpoles (Lithobates sylvaticus) conditioned to recognize the odor of tiger salamanders (Ambystoma tigrinum) as predators subsequently responded to fire belly newts (Cynops phyrrogaster), even though they had never experienced newts as dangerous . Interestingly, the tadpoles could not generalize their recognition to the odor of African clawed frogs (Xenopus laevis). The specific chemicals that make up predator odors are unknown but likely represent a mix of chemicals, many of which originate from digestion Ferrari et al. 2010d ). The more closely related individuals are the more likely they are to share similar diet and biochemistry and hence the more similar their odors will be.
We know that prey animals quickly learn the identity and threat level of unknown predators, but as time passes, the value of the information should be less reliable. Indeed, there comes a point in time where the cost of responding to outdated information may exceed the benefits (McNamara and Houston 1987; Dall et al. 2005; Ferrari et al. 2010c ). This dictates that the retention of predator responses should not be permanent but rather should be variable. There are a number of studies showing that prey respond to predator-related information for different durations (e.g., Chivers and Smith 1994; Brown and Smith 1998; Gonzalo et al. 2009; Ferrari et al. 2010b ). Much of this work was completed in the absence of an adaptive framework predicting when we should expect differences in the retention of the responses. Ferrari et al. (2010a) provided such a comprehensive framework, and a few studies have subsequently tested ideas presented in the model. For example, Brown et al. (2011a) showed that trout that were on a faster growth trajectory and likely outgrowing their predators had a shorter retention of predator information than those that were on a slower growth trajectory. In another study, Ferrari et al. (2012) manipulated the certainty level associated with identifying a species as a predator by conditioning tadpoles 1, 2, or 4 times to recognize it as a predator. All tadpoles learned the intensity of the predator with the same level, but tadpoles conditioned 4 times maintained their response to the predator for longer than tadpoles conditioned fewer times.
Behavioral ecologists have typically considered a progressive decrease and the eventually absence of response to a learned cue as forgetting (Caldwell 1992) . However, the question of whether the information is actually forgotten or simply ignored remains largely unknown (Zentall et al. 1995) . Dugatkin (2009) argues that the absence of language prevents us from asking whether the information is truly forgotten, but due to the life or death nature of predation, he argues that prey should respond to all predator information if it has not been forgotten. Ferrari and Chivers (forthcoming) have some evidence that this may not always be the case. They conditioned tadpoles to recognize a predator as a high-or low-risk predator twice 2 weeks apart, in a 2 × 2 design. Both the low-and high-risk groups showed responses to the predator 1 day after the first conditioning, but the low-risk group failed to respond to the predator after 11 days. Nevertheless, the information learned during the first conditioning affected the response to the predator after a second conditioning, indicating that prey may not "forget" old information but may simply be ignoring it. In this article, we discuss how the responses of tadpoles to a given stimulus wane over time but try to avoid using terms such as "memory" and "forgetting." Despite the potential lack of consistency with terminology used in other articles, we do this to draw attention to the fact that the absence of a response may not always indicate that the prey has forgotten the information. Here, we refer to the retention of the response but make no inference on whether the information per se is retained or forgotten. We return to this topic in the Discussion section.
In this study, we examine the dynamic nature of the retention of predator-related responses in wood frog tadpoles. Specifically, we ask whether learning to recognize predators at one point in time influences the learning and retention of new predators in the future. We used a standard concentration of alarm cues to condition predator-naive tadpoles to recognize the odor of an unknown tiger salamander, newt, or goldfish (Carassius auratus) and tested for differences in the intensity of the learned responses to the predators the following day or 8 days later. We subsequently reconditioned all of the groups of tadpoles to recognize the salamander only and again tested the tadpoles for differences in the intensity of their learned responses to the salamander 1 day or 10 days later. For some species, it is well established that the intensity of a learned response to a predator cue is dependent on the concentration of alarm cues used in the conditioning but is not dependent on the concentration of predator odor or the number of times the prey is conditioned (Ferrari et al. 2005 (Ferrari et al. , 2012 . Consequently, we predict that the tadpoles should learn to respond to all 3 predators with the same intensity after the first conditioning. Likewise, at any point in time after the first conditioning, we predict that tadpoles should respond to any of the 3 predators with an equal response. The intensity of their response should gradually wane as time passes, but there should be no differential waning of the response for the different species. When the tadpoles are conditioned a second time, this time to the tiger salamander only, we again predict that all of the tadpoles should learn the identity of the predator with the same intensity. Again, this is because the concentration of alarm cues should dictate the intensity of the learned response; the number of times that a wood frog tadpole is taught a predator as dangerous does not influence the intensity of the learned response (Ferrari et al. 2012) . If tadpoles retain the information they learned about the predator in the first encounter, this could influence the duration of retention of the response after the second conditioning. Consequently, we predict that tadpoles that learned the salamander was a predator in both the first and second conditionings should respond to the tiger salamander for a longer period of time than those conditioned with the newt or the goldfish. This is despite the fact that we predict no difference in the intensity of the learned response based on the first conditioning. We were particularly interested in testing whether being taught that a newt was a predator in the past influenced how long tadpoles maintained their responses to tiger salamanders. If generalization of predator recognition influences the duration of the response, then tadpoles taught to recognize newts and then tiger salamanders should maintain their responses longer than those conditioned to recognize goldfish and then tiger salamanders.
Methods

Water and test species
Approximately 2 weeks before the start of the experiment, a 1900-L tub was filled with well water and seeded with aquatic plants (sedges) and plankton from a local pond. This procedure ensured that the water contained natural pond odors but lacked any cues from potential predators. This water was used in all holding and testing containers. Our previous work has shown that wood frog tadpoles from our field site do not recognize tiger salamanders, newts, or goldfish as predators in the absence of experience Chivers 2009a, 2011) .
Six clutches of wood frog eggs collected from the pond were placed in a plastic pool filled with well water and left to float on the pond to equalize temperature and sun exposure between the pond and the pool. The pool contained sedges and algae to provide the tadpoles with a food source when they hatched. After hatching, we supplemented the pools with alfalfa pellets. The experiment started when the tadpoles were 3 weeks old (Gosner 25).
Predator odors and alarm cues
We prepared the predator odors prior to the start of the experiment and froze them until needed. demonstrated that some prey animals do not have an innate sense of whether the predator odors they learn are concentrated, but they can adjust the intensity of their antipredator response to changes in relative concentration once they have learned the predator odor represents a threat. We do not know how much odors were produced by each species, so we decided to use body volume as a way to equalize odor production among species . Odors were prepared from 1 salamander, 4 newts, and 2 goldfish. In order to avoid any problems with using a single salamander, we used 6 different salamanders to prepare the cues. Odors were obtained by soaking the live animals (1 salamander, 4 newts, or 2 goldfish) in 1.5 L of well water for 24 h and then freezing the water until needed.
Following well-established protocols (Ferrari et al. 2007b; Chivers 2009a, 2009b) , injured conspecific cue solution used in the conditioning trials was prepared a few minutes prior to being used. The tadpoles were euthanized with a single concussive blow and were immediately crushed with a mortar and pestle. We then added well water to obtain a concentration of 1 tadpole in 20 mL of water. This concentration was based on previous work and is known to elicit overt antipredator behaviors in tadpoles. The alarm cue stimulus was filtered through filter floss to remove any large particles. We could not anesthetize the tadpole prior to euthanasia because the anesthetic would contaminate the alarm cue solution and confound our activity bioassay (anesthetic and antipredator responses both lead to decreased activity).
Experimental design
The experiment was divided into 2 conditioning phases. The first phase of the experiment consisted of conditioning (or pseudoconditioning) individual tadpoles to recognize the odor of a salamander, newt, or goldfish as a predator (hereafter conditioning 1). Some tadpoles were then tested individually for their response to predator odor or a water control either 1 day or 8 days postconditioning 1. Tadpoles tested in the first phase were removed from the experiment such that no tadpoles were tested more than once. Tadpoles in the pseudoconditioned groups ensured that our tadpoles were indeed naive to any predators. After this was established, we removed the pseudoconditioning treatments from our experiment.
Four days after the completion of phase 1 (13 days postconditioning 1), the remaining tadpoles were used in the second phase of the experiment, whereby they were subject to a second round of conditioning (hereafter conditioning 2). All of the tadpoles were conditioned to recognize salamander odor. These tadpoles were tested individually for their response to salamander odor or a water control either 1 day or 10 days postconditioning 2. No tadpole received more than 1 nonreinforced exposure to the predator cue allowing us to measure the decay of the conditioned response through time rather than extinction of the response through time.
Conditioning phases
Individual tadpoles were placed into 0.5-L cups filled with well water and left to acclimate for 2 h. They were then exposed to either 5 mL of water (pseudoconditioning-phase 1 only) or 5 mL of injured conspecific cues, paired with 10 mL of salamander, newt, or goldfish odor. The stimuli were injected gently on the side of the cup using syringes to minimize disturbance associated with stimulus introduction. One hour later, tadpoles were removed from the cup and placed into 1 of 12 plastic trays (56 × 42 cm), containing 47 L of well water (4 trays for each conditioning group). The tadpoles were provided with alfalfa pellets, and 50% of the water was changed every second day. The second conditioning phase was identical to the first except that all tadpoles were conditioned to salamander odor. The second conditioning took place 4 days after the end of the second testing (day 13). After the second conditioning, the tadpoles were moved back to the plastic trays (4 trays for each of the 3 conditioning groups).
Testing phases
We used a standard protocol to quantify the responses of tadpoles to the predator odors . Tadpoles were placed individually into 0.5-L plastic cups and allowed to acclimate for 1 h. We then observed the behavior of each tadpole for 4 min prior to stimulus injection and 4 min after stimulus injection. In the 2 testing phases that followed the first conditioning (1 day and 8 days postconditioning), we introduced 10 mL of tiger salamander odor, newt odor, goldfish odor, or well water into the cup using a syringe. This allowed us to test whether tadpoles learned the identity of each of the 3 predators and whether they responded to each of the 3 predators with an equal intensity response at both time periods following conditioning. The 2 testing phases that followed conditioning 2 (1 day and 10 days 
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Behavioral Ecology postconditioning) consisted of introducing 10 mL of salamander odor or water. This allowed us to test whether learning to recognize any of the 3 predators in the first conditioning influenced how tadpoles learn to recognize the tiger salamander during the second conditioning. We specifically addressed whether the tadpoles learn the tiger salamander with the same intensity and maintained the same intensity response through time. During both observation periods, we recorded the number of times the tadpole passed the medial line of the cup. We considered the tadpole crossed the line when the entire body of the tadpole crossed the line. A reduction in activity is a typical antipredator response displayed by most animals and is a standard bioassay for tadpole antipredator responses . All tests were done blind with respect to the treatments. On completion of the experiment, all tadpoles were returned to the pond.
Statistical analysis
We computed a proportional change in activity from the prestimulus baseline (post-pre/pre). Analyses were performed to ensure no prestimulus difference among treatments (all P > 0.2). Data followed homoscedastic assumptions, except for the last test. This last test was thus nonparametric (see Results section for details).
Pseudoconditioned tadpoles
We performed a 2-way analysis of variance (Anova) to test the effect of conditioning species (goldfish vs. newt vs. tiger salamander) and testing cue (water vs. respective predator odor) on the response of tadpoles (n = 22-26 per treatment). Note this was not a fully factorial design, so the interaction between conditioning species and testing cue could not be assessed.
First-time conditioned tadpoles
For each of the 2 tests (1 day and 8 days postconditioning), we similarly performed a 2-way Anova to test the effect of conditioning species (goldfish vs. newt vs. tiger salamander) and testing cue (water vs. respective predator odor) on the response of tadpoles (n = 22-26 per treatment). Note this was not a fully factorial design, so the interaction between conditioning species and testing cue could not be assessed.
Second-time conditioned tadpoles
For each of the 2 tests (1 day and 10 days after second conditioning), we performed a 2-way Anova (fully factorial), to test the effect of the species tadpoles were initially conditioned to (goldfish vs. newts vs. tiger salamander) and the effect of testing cue (water vs. tiger salamander odor) and the interaction between the 2 factors, on the response of tadpoles.
results
Pseudoconditioned tadpoles
The proportion change in activity of tadpoles was affected by neither the species they were conditioned to (F 2,129 = 1.5, P = 0.2) nor the testing cue they were exposed to (F 3,129 = 0.2, P = 0.9). The average (± standard error [SE] ) proportion change in activity of tadpoles to water was 0.09 ± 0.1. Because the tadpoles did not show any response 1 day after pseudoconditioning 1, we did not test them again at 8 days postconditioning or following conditioning 2.
First-time conditioned tadpoles
One day postconditioning, tadpole behavior was affected by testing cue (F 3,121 = 15.3, P < 0.001), with tadpoles displaying a much stronger antipredator response to the odor of the predators than to the water. However, we failed to find an effect of conditioning species (F 2,129 = 0.6, P = 6), indicating that the identity of the predator does not affect the way in which the information is learned (Figure 1) .
Eight days postconditioning, the exact same pattern was found, with an effect of testing cue (F 3,142 = 3.7, P = 0.014) but no effect of conditioning species (F 2,142 = 0.2, P = 0.8), indicating that the identity of the predator does not affect the rate at which the decrease in response through time occurs (Figure 1 ).
Second-time conditioned tadpoles
One day after the conditioning to tiger salamander odor, we found an effect of testing cue (F 1,115 = 84.3, P < 0.001) but no effect of conditioned species (F 2,115 = 0.8, P = 0.9) or not any interaction between the 2 factors (F 2,115 = 0.9, P = 0.4), indicating that all tadpoles responded to the tiger salamander odor with the same intensity of antipredator response (Figure 2 ).
Ten days following the second conditioning, we found a significant interaction between conditioned species and testing cue (F 2,116 = 5.9, P = 0.004) on the responses of tadpoles. When looking at the responses of tadpoles to each cue separately, we found that conditioned species did not affect the way tadpoles responded to water (F 2,57 = 0.2, P = 0.8) but did affect the way tadpoles responded to tiger salamander odor (nonparametric Anova: H 2,59 = 17.0, P < 0.001). Tukey post hoc tests revealed that tadpoles from the 3 groups responded distinctively to tiger salamander odor, with tadpoles initially conditioned to recognize goldfish responding the least to the tiger salamander odor, tadpoles initially conditioned to recognize newt responding intermediately to the tiger salamander odor and tadpoles initially conditioned to recognize tiger salamander responding the most (i.e., with the greatest intensity of antipredator behavior) to tiger salamander odor (all P ≤ 0.036, Figure 2 ).
dIscussIon
The results of our study reveal that tadpoles show dynamic changes in behavioral responses to predators through time. The length of time that tadpoles maintain responses to newly learned predators is dependent on information they learn in the past about other predators. When we used alarm cues to condition tadpoles to recognize the odor of tiger salamanders, newt, or goldfish, there was no difference in the intensity of the behavioral response to the 3 predators the following day, indicating that all 3 species were recognized as equal threats. Likewise, when we tested the tadpoles 8 days later, there was no difference in the intensity of response among the 3 predator treatments. However, the intensity of the behavioral response was waning over the 8-day period. The proportional reduction in activity was from approximately 50% on 1-day postconditioning to 30% on 8-day postconditioning. This rate of waning of the response is consistent with our previous studies in tadpoles. Previous studies with tadpoles from the same pond have demonstrated that by 12 days postconditioning, the response wanes to nothing and hence we are confident that this is also the case in our current study (Ferrari et al. 2010a (Ferrari et al. , 2012 . We did not explicitly test this in order to avoid the excessive use of animals.
During the second conditioning, all of the tadpoles were conditioned to recognize tiger salamanders as a threat. Again, we found that there was no difference in the intensity of the learned response the following day, regardless of whether the tadpoles were previously conditioned to recognize a tiger salamander, newt, or goldfish. This supports the findings that it is the concentration of alarm cues that dictates the intensity of the learned response and not the number of conditionings Ferrari et al. 2012) . Most interesting, we found that the intensity of the response 10 days following the second conditioning was influenced by what happened in the first conditioning. Tadpoles that were conditioned to recognize a goldfish and then a tiger salamander showed no response to the tiger salamander 10 days postconditioning 2. In stark contrast, tadpoles conditioned to recognize the tiger salamander in both the first and the second conditionings retained a strong response to the predator 10 days postconditioning. Indeed, there was almost no waning of the response over the 10-day period. Most interestingly, we found that tadpoles that learned to recognize newts and then tiger salamanders showed an intermediate response. They retained their response to the tiger salamander longer than the ones conditioned to recognize goldfish and then tiger salamanders but shorter than those conditioned twice to recognize tiger salamanders. This demonstrates that information learned through generalization influences the subsequent use of the information through time.
If we assume that there would have been no overt behavioral response to the predators 12 days after the first conditioning (as is Mean (±SE) proportion change in activity for tadpoles exposed to water (white bars) or the odor of salamanders, newts, or goldfish (black bars) either 1 day (top panel) or 8 days (bottom panel) after tadpoles were conditioned with alarm cues to recognize the predators as a threat.
well established for tadpoles from this pond (Ferrari et al. 2010c (Ferrari et al. , 2012 , can we also assume that the predator was actually forgotten? Without language it is not possible to ask whether the information was forgotten or whether it is simply ignored (Dugatkin 2009 ). We showed that the length of time that tadpoles maintained a response after the second conditioning is dependent on what happened in the first conditioning. This may indicate that the information was not actually forgotten. The fact that the first-conditioning trial influenced the length of time that the tadpoles recalled the information after the second conditioning could be related to a "priming" effect. Relearning information a second time is easier than learning it for the first time. The structural plasticity of dendritic spines underlies learning, memory, and cognition (Hofer et al. 2009; Kasai et al. 2010) . Once the information is learned and neural connections are established, these connections may become deactivated through time, leading to apparent forgetting. However, when the information is relearned the second time, those same connections can easily be reactivated. This could explain why information from conditioning 1 affected the recall of the information learned in conditioning 2 even if the information was actually forgotten.
There is an alternative to the hypothesis that tadpoles in our experiment forgotten the information. As time passes, there could be the building up of an inhibitory response on top of the 
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Mean propor on change in ac vity Figure 2 Mean (±SE) proportion change in activity for tadpoles exposed to water (white bars) or the odor of salamanders (black bars) 1 day or 10 days following conditioning 2. In conditioning 2, all tadpoles were conditioned with alarm cues to recognize salamander odor as a threat. During conditioning 1, tadpoles were conditioned with alarm cues to recognize either a salamander, a newt, or a goldfish as a threat.
previously conditioned response. This is akin to Bayesian updating regarding the regularity of tiger salamanders turning up (Gallistel 2012) . The group conditioned twice to the tiger salamander would have long(er)-term information on the regular occurrence of tiger salamanders, whereas the salamander/goldfish group would have the least sampling information from which to decide whether it is likely that a dangerous salamander has turned up yet again. In such a case, the newt/salamander group would have intermediate information about the risk because the information about the salamander threat was generalized. Such Bayesian explanations for the differential waning of the responses among the different groups may be criticized by psychologists (Miller 2012 ) because this approach presupposes that animals are making optimal choices. However, such explanations may find considerable favor among behavioral ecologists who have a long history of optimality modeling. Regardless of whether the waning and eventual absence of a response to a stimulus results from the dissipation of a conditioned response or from the buildup of an inhibitory response on top of a conditioned response, we caution researchers to be careful with using terms such as "memory" and "forgetting." Theoretical models of the waning of responses to stimuli, developed primarily from a foraging perspective, have focused on how consistent the environment is for predicting the length of time information should be retained. When the environment is highly variable, then recent and presumably more accurate information is weighted more heavily. This can achieved by an exponential weighting of information recentness (McNamara and Houston 1987; Hirvonen et al. 1999) . However, in constant environments, models predict that individuals should average all information using an arithmetic mean approach (Killeen 1981; McNamara and Houston 1987) . We argue that predation risk is highly variable in space and time (Lima and Bednekoff 1999; ) and hence the length of time animals should maintain responses to predators should show even more extremes than retention of responses associated with foraging. Our current knowledge supports the notion of highly variable retention window for predators. Rainbow trout are known to respond longer to predators if they learn the predator as a high threat compared with a low threat (Ferrari et al. 2010b ). Moreover, individuals on a fast-growth trajectory prior to learning retain responses to predators for a longer period of time (Brown et al. 2011a) . In wood frogs, the length of time tadpoles respond to a predator is influenced by the growth rate of the tadpoles both before and after conditioning ). An increase in the certainty that a newly learned predator is actually a predator also leads to longer retention of responses (Ferrari et al. 2012) . When tadpoles are given 2 conditionings, we know that their response is dependent on the relative concentration of alarm cues used in the first and second conditionings. When tadpoles experience an increase in alarm cue concentration in the second conditioning (i.e., a low concentration followed by a high concentration), they increase their length of retention of the response compared with those individuals that received a high concentration both times. Individuals that experienced a high/low scenario remember the predator for the same time as those given a low/low scenario. These results indicate that prey retain responses longer if they are becoming more vulnerable to their predators. Our current work also showed that the retention of antipredator response following a second conditioning was influenced by what happened in the first conditioning. Here, the length of time that tadpoles maintain their responses to salamanders following conditioning 2 was dependent on information they learn in the past about other predators. We even showed that information gained through generalization influenced retention of the response. Tadpoles responded to tiger salamanders longer if they had previously learned newts than if they had previously learned goldfish. This generalization stems from considerable overlap in chemical constituents that make up tiger salamander odor and newt odor .
We can conclude quite emphatically that both trout and tadpoles appear to use a complex algorithm to adjust their responses to predators. However, if we are to gain a comprehensive understanding of the adaptive value of the waning of responses to predator cues, we need additional work in other taxa. It would be particularly fascinating to compare populations that vary in their predation history to determine whether there are population differences in retention and whether different populations respond differently to manipulations that should influence their retention of predators.
